The anthropometric body dimensions of the tractor operators in Abia state (Nigeria) where studied to obtain a database for their anthropometric body dimensions to enable the designers of tractors and agricultural equipment operated in sitting positions improve on their design in order to optimize their usage, enhance posture and comfort of the users and maximize output. Result revealed that the male agricultural workers have average hand length, hand breadth, arm reach from wall, elbow height, elbow rest height, grip strength, internal and external grip diameters, hand circumference, forearm length and forward grip reach of male agricultural workers are 161. 05cm, 49.1cm,143.75cm,38.25cm,19.55cm, 8.65cm, 85.75cm,104.25cm, 24.9cm, 41.6kg, 4.7cm, 7.35cm, 7.35cm, 49.9cm and 75.2cm respectively while in that same order the female agricultural workers recorded 150. 55cm,38.9cm,138.6cm, 36.45cm, 18.15cm, 7.2cm, 82.35cm, 100.4cm, 22.25cm, 40.25kg, 4.0cm, 6.7cm, 19.55 and 75.15cm respectively. Also result showed that the sitting height, sitting eye height, sitting shoulder height, hip breadth, knee height, buttock knee length, functional leg length, foot length of the male agricultural workers are 80.75cm, 81.8cm, 68.5cm, 54.0cm, 33.0cm,  Corresponding Author. 40 55.8cm, 49.7cm, 65.0cm, 57.05cm, 48.65cm, 95.25cm, 32.55cm, 14.35cm, and 66.05cm respectively; and the female in the same arrangement had 85.8cm, 65.59cm, 65.07cm, 41.38cm, 29.14cm, 49.14cm, 44.97cm, 56.06cm, 47.86cm, 36.58cm, 80.51cm, 27.53cm, 3.35cm and 79.19cm respectively.
INTRODUCTION
Engineering anthropometry deals with the application of scientific physical measurement method to human subjects for the development of engineering design standards. It includes static and functional (dynamic) measurements of dimensions and physical characteristics of the body as they occupy space, move and apply energy to physical objects, as a function of age, sex, occupation, ethnic origin and other demographic variables (Sanders and McCormic 1992) . Agrawal et al., (2010) noted that anthropometric body dimensions play significant roles in human-machine interaction and that the overall working efficiency of humanmachine environment and resultant discomfort has severe impact while using farm tools and machinery. They also noted that anthropometric dimensions vary considerably across gender, race, age, and that within a particular group, the anthropometry differs due to nutritional status and nature of work, and to achieve better performance and efficiency along with higher comfort and safety to the operators, it is necessary to design tools, equipment and workplaces keeping in view of the anthropometric data of the agricultural workers.
One major reason for low agricultural productivity in some agricultural regions is due to prevalence of traditional method of cultivation and lower mechanization level. Machines or tools manufactured without application of human factors or ergonomic principles are low in working efficiency and most times fail to reduce drudgery and increase discomfort of the operators. Ergonomics is the science which considers human characteristics, expectations and behavior in the design of things mainly used in environment (Sanders and McCormic , 1992) . The ergonomic principles or human factors are considered in machine design to enhance effectiveness, efficiency, safety and comfort of the users/operators of the equipment. In most cases, constraints are been experienced in adoption of improved machineries being utilized in other parts of the country; the adopted equipment at times need to be modified before being introduced into other countries or regions to suit agricultural workers of the region for which body dimensions limits of local populations was required. To design any product for human use, engineers have to rely on anthropometric data, otherwise the resulting product may turn out to be ergonomically incompatible (Lewis, 1993; Hastegrave, 1986 ).
According to Mebarki and Davis (1990), anthropometric dimensions are one of the essential factors in designing machines and device. Gite and Yadav (1989) , noted that the design and dimensions of agricultural tools and implements have great bearing on the body dimensions and physical built of the users, requiring compatibility essentially between machine devices and worker body dimensions. Dewangan et al., (2005) suggested that the only way to fulfill this objective is to create database of anthropometric dimensions of the user population. 41 Gupta et al (1983) observed that most of the anthropometric data in India is limited to male agricultural workers; while it was discovered by Reddy et al., (1994) that about 88% rural women working population is engaged in agricultural sector and stipulated that the value is nearly 50.2% of the total agricultural labour force in India. Dixit et al., (2014) added that due to paucity of female anthropometric data, the anthropometric data of male workers are extrapolated to define women at work whenever necessary. Cox et al., (1984) opposed this assumption and said that such an approach is likely to be inaccurate due to obvious anthropometric, physiological and biological differences between male and female subjects. As earlier noted in this review, the body dimensions vary with age, sex, ethnic groups (Sanders and McCormick, 1992) . According to Dixit and Namigial (2012) ,there is considerable difference between the anthropometric data of India and Western population emphasizing the need for generating anthropometric database for agricultural workers as it is not feasible practically to design equipment for an individual sex (male and female).
Based on the foregoing, this study was conducted to generate and analytically compare the anthropometric data of the male and female agricultural workers in the rural areas of south-eastern region of Nigeria. The data so generated will be compared with those of other regions of the western countries for the consideration of ergonomic design of agricultural equipment and machines which will suit the male and female agricultural workers in the study area to enhance effectiveness, efficiency of production, safety and comfort of the users/ operators of the machines. The placement of different controls in a tractor is a complex task for the designer and requires the anthropometric characteristics of the target population (Yadav et al., 2000) . The efficiency and comfort of the operator can be improved with properly designed tractor workplace. The dimensions of the seat, location of controls and access/exit provisions are the parameters where anthropometric data can provide help in matching the workplace according to the user's capabilities and to the physiological reach of the operator.
For design purpose, Yadav et al., (2000) stipulated that either one of the boundary value (5 th or 95 th percentile) or the mean values is used depending upon the dimensional element. Anthropometrically, the authors noted that seat height from foot rest to suit female Indian 5 th and 95 th percentile population would be within the range of 37.0 to 40.0cm. While in the case of male Indians would be within the range of 41.6 to 47.1cm. If the equipment is to be operated by women, the anthropometric data of the female must be considered in the design along with men anthropometric data. Anonymous (1996) revealed that most Indian tractors are manufactured to suit the anthropometric measurements applicable to the countries where the tractors are designed. The objective of this research work is to develop an anthropometric database for agricultural field machinery operators in Abia state and any other region with similar anthropometric dimensions for a better design of farm machinery to suit them for safety, comfort and efficient operation in sitting positions.
MATERIALS AND METHODS

Samples for the Study
The samples for the study consist of 400 tractor operators (200 each of male and female) within the age limit of 18-50 years selected randomly from different areas of Abia states.
Apparatus Used
The following anthropometric equipment was used for the study:
1.
An anthropometer was used in measuring various body dimensions at sitting postures.
2.
Weighing balance of 1kg sensitivity and 150kg capacity was used for measuring the body weight of the subjects.
3.
Measuring tape was used for measuring lengths and widths of some body parts.
4.
Vernier caliper was used for measuring the internal and external grip diameters.
5.
Grip strength dynamometer was used for measuring grip strength.
Anthropometric Measurement Procedure/Data Collection
Thirteen (13) anthropometric body dimensions considered useful for design of agricultural equipment/machines operated in sitting position were measured. The standard anthropometric definitions of measurements and techniques used by Pheasant (1986) as applied by Onuoha et al., (2012) were adopted in the study. Prior to the collection of the data, some persons (male and female) were trained on how to take measurements of body dimensions (Oduma, 2017) . The process for data collection was properly explained to the trained personnel so as to maintain accuracy in their measurements and to seek full cooperation from the subjects (Agrawal et al., 2010 and Dixit et al., 2014) . Measurements were taking in sitting postures. In process the subjects were asked to sit with their body vertically erect, while their shoulders and head touch the vertical plane and their feet completely touch the base platform. In all the measurements with anthropometer, the subjects were bare footed. The measuring tape was used to measure waist breadth, waist circumference, foot length, and hand breadth across thump, hand height at metacarpal etc. For every subject, measurements of a given body dimension was replicated for five times and average value of the dimension was taken as the real dimension; this is to avoid error in the measurements.
Data Analysis
The data collected from the measurement was analyzed using range, mean, standard deviation, percentile values (5 th , 50 th and 95 th percentile) and percentages. The percentile was used to adjudge the proportion of a group of individuals who exceed or fall below some possible design limit.
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43 Apart from the mean; the 5 th and 95 th percentile values of body dimensions were calculated to decide various possible sitting design limits of farm machinery and work place layout to be operated by tractor operators (Agrawal 2010) .The percentage was used to determine the percentage difference or variation in the set of data obtained for male and female operators (Oduma, 2017) .
The percentile was calculated from the formula suggested by Kothari (2013) as used by Oduma (2017) .
Where is: X = Percentile µ = mean values Q = standard deviation Z = constant = -1.645 for 5 th percentile; 0 for 50 th and 1.645 for 95 th percentile
The standard deviation was computed using the expression: Figure 1 ., revealed the mean body dimensions of the male and female tractor operators in Abia state in sitting position. The figure showed that the mean body dimensions of the male are slightly higher than the female except in the hand length, hand circumference and forearm grip reach where they maintained a very close values of 19.55cm, 20.9cm and 75.2cm respectively for males and 18.15cm, 19.35cm and 75.15cm respectively for female operators. However, the discrepancies in the rest of the dimensions are very infinitesimal and could be ignored in tractor design. The ANOVA of the effect of gender on the anthropometric body dimensions of Abia state male and female tractor operators ( Table 2) revealed that there is no significant difference among the body dimensions of male and female tractor operators, hence P ˂ 0.05. Thus, the body dimensions of the male and female in Abia state do not differ much, therefore, tools and equipment designed based on data collected can effectively be utilized by both male and female agricultural workers within the region, which is in agreement with the study of Agrawal (2010) and also observed by Oduma and Oluka (2017) .
CONCLUSION
From the findings made, the following conclusions can be drawn about the study: The mean body dimensions of the male are slightly higher than the female except in the hand length, hand circumference and forearm grip reach where they maintained a very close values of 19.55cm, 20.9cm and 75.2cm respectively for males and 18.15cm, 19.35cm and 75.15cm respectively for female operators. However, the discrepancies in the rest of the dimensions are very infinitesimal and could be ignored in tractor design.
The ANOVA of the effect of gender on the anthropometric body dimensions of Abia state male and female tractor operators revealed that there is no significant difference among the body dimensions of male and female tractor operators, hence P ˂ 0.05.
Recommendation: Based on the above conclusions, it is therefore recommended that study of anthropometric body dimensions should be extended to different geographical regions of Nigeria to guide the engineers or designers of agricultural equipment in designing and manufacturing the equipment to match the users and make them work in good postures and maximize their output.
